Introduction
Hybrid zones have been described in a great variety of organisms but, up to now, most of these have involved contact between closely related species rather than intraspecific taxa (Barton & Hewitt, 1985) . A hybrid zone, as defined by Harrison (1993) , 'occurs when genetically distinct groups of individuals meet and mate, resulting in at least some offspring of mixed ancestry'. In terrestrial molluscs, reports on natural hybridization between distinct populations have mainly concerned three well-Partula (Clarke, 1968; Johnson et a!., 1993) and Cepaea (Cain & Currey, 1963; Johnson, 1976) . The last two taxa were especially interesting because of specific patterns of morphological and biochemical differentiation known as 'area effects'. Indeed, this population structuring, representing 'coadapted constellations of alleles ' (White, 1978 , in Jones et al., 1980 , resembles the geographical pattern of variation described in Helix aspersa. In this land snail, allozyme variation among allopatric populations located throughout the species range has revealed the existence of two main geographically differentiated groups (Nei's genetic distance D = 0.18): an eastern one seen in samples from East Maghreb (from East Kabylia to Tunisia) and Epirus (Greece) and a western block including populations from 114 A. GUILLERETAL.
West Algeria and Europe .
Moreover, this biochemical differentiation is mirrored by the pattern of biometrical variation, especially in the length of one genital organ, the diverticulum of bursa copulatrix . These patterns of concordant geographical variation of both biochemical and anatomical characters have drawn our attention to the relationships among populations located between the western and eastern Algerian groups, such populations usually being interpreted as evidence for a secondary contact between formerly isolated populations that diverged from a common ancestor. Preliminary results indicated the existence of a contact zone between peripheral populations of the two regions. Based on the dines in allele frequencies, this overlap area, 200 km wide, lies somewhere between the Great Kabylian colony (Azeffoun) devoid of eastern diagnostic alleles, and an eastern one close to Skikda (El Hedaick).
The present investigation describes the spatial distribution of allozymes in five samples collected at the boundary between eastern and western populations in Algeria. The main objective is to investigate the existence of this hypothetical contact zone by combining data on the degree of geographical population partitioning and the genetic structure. In practice, we may detect the effect of migration (distant past and more recent gene flew) among populations through deviations from panmixia, i.e. heterozygote deficiencies and linkage disequilibria. The Wahlund effect owing to population mixing with one or two genes is actually another possible source of departures from Hardy-Weinberg equilibrium (Nei & Li, 1973) .
Materials and methods
Study area and sample characteristics Thirty-two samples of H. aspersa from Maghreb were collected along an east-west transect between Bizerte and Rabat, with five originating from Tunisia, 24 from Algeria and three from Morocco (Fig. 1) . Each sampling area, described in detail in our previous paper , was no larger than 5000 m2 or no longer than 70 m (Madec, 1989) (Taylor, 1913) . Despite this apparent homogeneity, the allozyme and genital variation defined two distinct geographical forms with, respectively, the following ranges The analysis of populations between these two contiguously distributed regions may provide information clarifying the processes of differentiation, and so the variation in allelic frequencies was measured in several intermediate populations . Among the seven colonies considered (A10 to A16), only those located between Azeffoun (A12) and El Hedaick (A16) showed a clinal pattern of allozymic differences between the two groups. These five samples are those considered here.
Electrophoresis
Electrophoresis was performed as previously described . Seventeen loci were scored for each individual in all samples. Among these, 13 were polymorphic (Lap-i, Lap-2, Got-i, Mdh-i, Me-2, Pgin-i, Pgm-2, Mpi-i, Pgi-2, Sod-i, 6Pgd-2, Idh-1, Est-3, Est-6), the remaining ones being Eno-i, Eno-2 and oGpd-2. Several diagnostic and alternative (most common) alleles differ between the two geographical groups. However, the mean frequencies of the diagnostic alleles were too low to produce marked differences between east and west; only the latter generated clinal variation because they are fixed in geographically extreme populations of both regions .
Data analysis
In order to distinguish the markers responsible for genetic divergence at both individual and population levels, we analysed the electrophoretic data using correspondence analysis (CA) of either an incom- (Benzecri, 1973; Escofier & Pages, 1990) . To define the appropriate partitioning of the data set, each analysis was combined with a hierarchical clustering analysis. The criterion used for aggregation was based on the maximization of the global inertia so that at each step the intraclass variance of the partition obtained was minimized. The detailed steps of these methods, particularly the coding of the crude electrophoretic data, are given by She et al. (1987) . Multivariate analyses, performed with the software package ADDAD (1992) (Association pour le Développement et la Diffusion de l'Analyse des Données), were augmented with exact tests for population differentiation (see below).
Genetic variability measures (allele frequencies and heterozygosity estimates) were calculated using BIOSYS-1, release 1.7 (Swofford & Selander, 1989) .
The genetic structure within and between populations was analysed with the help of two software packages. The DIPLOID program, which performs Weir & Cockerham's (1984) modification of Wright's (1965) F-statistics, breaks down the variability into three hierarchical levels -individual, subpopulation and population -in order to assess the effects of nonrandom mating within subpopulations (F15) and the effects of population subdivision (FST). The fit of the data to Hardy-Weinberg expectations and genotypic linkage disequilibria between pairs of loci were analysed with GENEPOP, version 1.0
The Genetical Society of Great Britain, Heredity, 77, 113-129. (Raymond & Rousset, 1994) . Estimation of the Hardy-Weinberg exact probability was calculated for each locus in each sample. For loci with fewer than four alleles, a Fisher exact test was performed as described by Louis & Dempster (1987) . With more than four alleles, an unbiased estimation of the exact probability was performed using the algorithm established by Guo & Thompson (1992) (Raymond & Rousset, 1995a; Rousset & Reymond, 1995) . To test the statistical independence between two loci, contingency tables were created for all pairs of loci in each population (the number of possible tables for n loci and p populations being pn(n -1)72). Using methods based on Markov processes and two-way tables, the GENEPOP program also provided information on statistical population differentiation. The principle was to test, from a contingency table 'populations x alleles' created for each locus, the independence between the various populations (all together and in pairs) (Raymond & Rousset, 1995b) . GENEPOP then provided the estimate of the probability of error when the null hypothesis was rejected (i.e. no allelic differentiation). Though other possible multiple tests like the Bonferroni could have been performed (Rice, 1989) , a Fisher test was used to combine information over loci and over populations. In order to quantify the effect of migration on the genetic divergence among these populations along a linear transect, gene flow was also estimated between each pair of demes. The method used here studied private alleles found in 116 A. GUILLERETAL. populations (Slatkin, 1985) . It provided four estiResults mates of gene flow (Nm) three using the regression Genetic divergence between populations lines corresponding to three different sample sizes (N = 10, N = 25, N = 50), one (here retained) being Before analysing the five suspected contact zone an estimate corrected for sample size (Barton & populations, the differentiation of all the Maghreb Slatkin, 1986 Table 5 , appendix). Figure 2a shows a projection on the principal plane of sample scores, complemented (Fig. 2b) by the partition into four classes based on the coordinates of these points on the three main factors. The first axis, which accounted for 25 per cent of the total variance, separated almost all populations according to their western (negative side) or eastern origin. Indeed, three colonies (A14, A15 and A16) located at the boundary of these geographical entities presented an allelic composition close to the weighted average. The second axis (15 per cent of the total variance) reflected intraregion differentiation with the formation of two subclusters in each half plane; Littoral Ski kda-Annaba and Tunisia/ and A12 deviated from independence in that
Mdh-1(100) and Est-6(100) were found, respectively, at very high frequencies in these colonies.
The low contribution of three intermediate popu-
lations (A14, A15 and A16) to the axis of the east-west gradient of differentiation led us to examine these samples (plus A12 and A13) separately. Based on the contact zone previously defined, an analysis of individual typology was performed by applying a correspondence analysis on a multiple contingency table composed of 138 individuals (originated not only from A14, A15 and A16 but also from A12 and A13) and described by 60 alleles. Figures 4a and 4b illustrate the projection on the planes defined by the axes 1 and 2 (1,2) and 1 and 3 (1,3), respectively, of hierarchical clusters based on the point coordinates on the three first axes. As can be seen, these three main factors distinguished between eastern-western individuals, among eastern individuals and among western individuals, respectively. Indeed, three separate clusters appeared on each plane with few individuals overlapping. On the principal one, the most differentiated group included snails from A15 which are almost all homozygotes Mdh-1(110I110). The shape of its cluster and the few peripheral points seen reflected the existence of rare genotypes in this population. On the other hand, the least differentiated individuals were those from Djemila (A14). They were assigned to the western subcluster but per cent of the total variance. It was found that interdeme variation was stronger among the eastern populations (A15, A16) than among the western ones (A12, A13, A14). Exact tests for population differentiation confirmed such a distinction with the number of loci generating significant differences being slightly higher between eastern samples than between western ones (Table 2 ). The markers responsible for such intraregion variation were alternate allozymes of Lap-i, Lap-2, Est-3 and especially those of 6Pgd-2, Mdh-i and Est-6. With regard to interregion variation, the largest divergence arose between A13 and A15 with 10 loci showing significant differences.
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Inbreeding variation within the population resulting from random genetic drift was even larger (FST = 0.270 0.066, P <0.001). However, the population subdivision did not affect all loci equally and among the most informative ones, greatest divergences occurred at Mdh-i, 6Pgd-2 and Est-6; that is to say, in the main loci showing clinal variation from West to East Maghreb.
Exact test results for Hardy-Weinberg equilibrium led us to identify these departures within samples and to know the genotypic classes which were too small (Table 3 ). Significant departures from Hardy-Weinberg proportions, which were all heterozygote deficiencies, occurred at the loci mentioned above plus Pgd-2 and Lap-2. These loci, which were the same in the populations, were those coding for introgressed alleles. In addition, in A13 and A14, deviations observed at Lap-i arose from two allozymes clearly more frequent in the west, Exact tests for genotypic disequilibrium indicated significant departures (P <0.05) from random assort- ment expectations for only eight pairwise combinations of alleles when all populations were assessed individually. A15 and the less variable sample A12 showed no linkage disequilibrium whereas one and five significant associations were found at El Hedaick (A16; between Lap-lILap-2, P = 0.044) and at Djemila (A14), respectively. Within Djemila, variations from expected values arose from loci having alternate alleles responsible for most intraregion differentiation (i.e. Lap-i, Est-3, Est-6, Mdh-1; P <0.05), two of them (Lap-i and Est-3) being characterized by heterozygote deficiencies.
Discussion
The results from this study confirm some of our previous findings : the populations analysed, A12, A13, A14, A15 and A16, really belong to two well-differentiated geographical regions, but although the sample of Djemila (A14) is close to western stations (A12 and A13), both the variations in allele frequencies and genetic structure suggest that it has been in contact with eastern Algerian populations. However, so far this hybrid zone has not yielded enough information (in term of samples and enzymatic loci) to give the geographical and genetic detail required for a full analysis.
Indeed, our data are insufficient to determine the nature and the respective strength of the opposing forces of migration and selection [which tend to broaden and narrow the zone, respectively (Barton & Hewitt, 1985) ], the number of loci under selection, or the barrier strength to gene flow (Szymura & Barton, 1991) . Furthermore, the littoral location of nearly all of the samples collected approximately creates a transect, and such a model is expected to reveal only a gradual change in the mean of a character. Other possible forms of geographical variation, such as a mosaic distribution of characters, could, however, be found using a more complete data network. In addition to this spatial component, another limit to our conclusions comes from the lack of information on temporal variation. In such a Table 4 Estimates of Wrights F-statistics according to Weir & Cockerham's (1984) historical context, a hybrid zone should also be analysed over the dimension of time (Arntzen & Wallis, 1991 the Maghreb territory, they have probably been locally eliminated under the effects of genetic drift, mutation and/or selection as a result of their having low frequencies in the ancestral population (Slatkin, 1985) . It is, however, surprising to observe so many private alleles among adjoining populations, an average of 19 alleles instead of the 13 ( = 4.1, P = 0.04) found in the remaining Maghreb colonies Guiller, Bellido & Madec, unpublished observations) . Such an increase in the frequency of rare alleles in hybridizing populations has been described in many other species, and especially (considering terrestrial molluscs only) in the well-studied land snails Partula (Clarke, 1968) and Cerion (Woodruff, 1981 , cited by Barton et a!., 1983 Woodruff, 1989) . Furthermore, allozymes that are unique to interspecific hybrid zones (Woodruff, 1989) could include the electromorph Lap-2(86) which has been found in only one sample of H.
aspersa studied, i.e. the one from Djemila. Several mechanisms, including higher mutation rate and relaxed selection, have been proposed to explain both the production and maintenance of these peculiar allelic variants, but they cannot reliably be distinguished (Barton et a!., 1983; Barton & Hewitt, 1985; Woodruff, 1989) . Whatever is the explanation for such a local increase in peculiar allozymes, introgressed and private alleles apparently lead to different patterns of migration but both reflect the existence of gene exchanges between western and eastern populations. Molluscan species, for instance in Cepaea spp. (Guiller & Madec, 1991 (Harti & Clark, 1989) , and also in several of those of C. nemoralis recently introduced in New York (Selander & Foltz, 1981) . However, genes found in linkage disequilibria in both cases were some of the esterase loci whereas most of the markers involved here are in genes which are probably not so tightly linked. Thus, it would seem that rather than through selection or genetic drift, linkage disequilibria would probably arise as the product of exchanges between populations having distinct gene pools, such as Djemila and the eastern ones. Moreover, the approach to linkage equilibrium would be retarded because of a quite low migration rate (Nei & Li, 1973) .
When would contacts have been?
In a previous paper, three scenarios related to dispersal and vicariant events have been considered to explain the disjunct distribution of H. aspersa observed in Maghreb and Europe, and to determine the processes responsible for geographical isolation in the eastern part of Maghreb .
The most suitable refers to climatic events which occurred during the Quaternary. Then, peripheral populations from both East and West Maghreb would have regained contact after having been isolated during the glacial period. Evidence in favour of this contact model is the West-East clinal decrease in diverticulum length between distinct populations, it would be essential in the first place to investigate thoroughly the genetic structure of populations in order to redefine the panmictic unit of the species. Because of heterozygote deficiencies commonly found in molluscan species, it may be questioned whether individuals sampled in one presumed population really belong to the same demographical unit. As in many evolutionary studies, it would also be of great importance to have information on the variation in mitochondrial DNA to know if these cytoplasmic markers reflect the same or differing historical patterns of introgression. Thus, if western and eastern populations also differ clearly in their mtDNA composition, it may be speculated that in contact zone populations, for instance in Djemila, haplotypes characteristic of both Maghreb areas may be found. Appendix - 
